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Pregnancy carries enormous changes in the psychological and neurophysiological 
domains. It has been suggested that pregnant women undergo a cognitive reorganization 
aimed at increasing the salience of social stimuli (i.e., the tendency of social cues to capture 
observer’s attention, so that their processing results prioritized). The goal of the present work 
was to systematically review the empirical evidence of a change in face processing during 
pregnancy. Moreover, we explored whether face processing is associated with antenatal 
depression and anxiety and the extent to which this is part of a potential mechanism to explain 
detrimental effects of maternal psychopathology on infant outcomes. We identified 19 
relevant studies and discussed them based on their methodological qualities. The results of the 
review suggest that even though it is not possible to draw firm conclusions, pregnancy is 
likely to be a plasticity window for face processing at the behavioral and neural levels. 
Evidence confirms the detrimental effect of depression and anxiety on face processing during 
pregnancy. Clinical implications for parenting interventions are discussed. 
 





Pregnancy plays a specific and fundamental role in human reproduction and ultimately in 
ongoing human survival. Because birth is highly dependent on the success of pregnancy, it is not 
surprising that evolution has specifically shaped this complex process as few others have been in 
human life. In fact, pregnancy produces massive changes in women’s physical, physiological and 
psychological functioning to promote their survival and that of fetuses. New tasks and duties are 
required by pregnant women. With regards to metabolism, the new situational demand consists of 
resetting women’s nutritional uptake to provide fetuses with energy, protecting them from exposure 
to maternal stress and storing a mother’s energy for future lactation. Similarly, at a behavioral level, 
two of the most important aims consist of protecting a fetus from current danger and preparation for 
a future role as a mother. In fact, a fetus is particularly vulnerable during pregnancy, especially 
during the first months of gestation, when the risk of miscarriage is at its highest. Protection from 
danger is essential to promote survival. Pregnant women consistently perceive situations as riskier 
compared to nonpregnant controls and engage in less risky behaviors (Crawley et al., 2008). 
Moreover, infants are highly dependent on parents’ resources after birth, and new mothers are asked 
to engage in tasks that require new abilities, especially in understanding infants’ signals and needs. 
In fact, mothers have an augmented sensitivity toward infant stimuli compared to nulliparous 
females both at behavioral (Lehmann et al., 2013) and neural (Seifritz et al., 2003) levels. 
Due to the high relevance of fulfilling these aims for survival, evolution is likely to have 
contributed to shaping adaptive pregnancy processes. At a cognitive level, women often report 
memory deficits during pregnancy (Brindle et al., 1991). Empirical evidence indeed supports the 
onset of mild memory deficit (Henry and Rendell, 2007) within a slight and temporary general 
cognitive impairment (Anderson and Rutherford, 2012), likely due to the increased stress perceived 
during pregnancy (Dunkel Schetter, 2011). Recently, it has been suggested that these mild memory 
deficits could be part of a larger cognitive reorganization that would lead to benefits, especially in 
the social cognition domain. Anderson and Rutherford (2012) proposed that, consistent with an 
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adaptationist perspective, an augmented sensitivity to social stimuli would allow a better and faster 
identification of potential threats and consequently increase women’s ability to protect themselves 
and their fetuses. In particular, the most powerful way to access social information is face 
processing, especially emotions expressed facially. In other words, allocating more resources to 
detecting, for instance, fearful emotional expressions allows better and quicker response to potential 
danger in the environment (Schutter et al., 2008). Interestingly, the same process, an augmented 
salience toward social cues, is also crucial to aiding the transition to motherhood and the essential 
ability to perceive and understand infants’ signals to provide the care and support infants need 
(Stein et al., 2010). It is therefore possible that an increased investment in processing social stimuli 
could favor fetus protection and future ability to support infant adaptation and development.  
The hypothesis that pregnancy is a potential plasticity window for the salience of social 
stimuli, especially faces, is particularly relevant for considering how pregnancy may impact upon 
mother’s mental health (Paschetta et al., 2014) which in turn impact upon a child’s development 
and outcomes (Stein et al., 2014). In particular, antenatal depression and anxiety seem to have a 
long-term detrimental effect on children’s mental health (Pearson et al., 2013a), but the mechanisms 
of this association are far from understood. Because individual differences in parental sensitivity 
(i.e., the ability to respond to infant needs adequately and contingently) rely on various processing 
of infant stimuli (Musser et al., 2012), a possible association of depression and anxiety with the 
salience of social stimuli during pregnancy may be considered. If found, then the results would be 
consistent with the idea that the quality of face processing during pregnancy could play a potential 
role in the complex association between perinatal psychopathology and future negative outcomes 
(Stein et al., 2014). 
Some studies have tested these hypotheses, but research is disparate and an attempt to 
summarize available evidence is lacking. To fill this gap, the present review is aimed at examining 
the literature regarding the role of pregnancy in a specific domain of social cognition (i.e., face 
processing). In particular, we are interested in studies that considered the salience of adult and 
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infant faces during pregnancy (or just after pregnancy) to explore whether pregnancy is indeed a 
plasticity window for this ability. We focused our inquiry on faces because they are unique among 
social stimuli in conveying information about the identity and status of individuals around us. The 
brain is highly specialized in processing human faces in light of their enormous emotional salience, 
in particular when related to potential threats such as faces with fearful expressions (Hariri et al., 
2003). In addition, face processing is primarily involved in social communication (Haxby et al., 
2002). Therefore, it is possible that during a period of high vulnerability such as pregnancy, 
resources are coopted to better analyze and understand facial cues to detect even subtle signs of 
potential danger and foster others’ help. Furthermore, a pregnant woman’s future role as a mother is 
highly dependent on the ability to read an infant’s signals, especially facial expressions. Therefore, 
an augmented salience for adult faces could be fruitfully extended to infant faces. Finally, the effect 
of antenatal depression and anxiety was reviewed to explore whether face processing could be a 
candidate mechanism contributing to linking maternal depression and anxiety to difficulties in 
responding to infants (which is largely dependent on facial cues) and ultimately has a potentially 
negative impact on children’s developmental trajectories. 
1.1. Animal studies and neurophysiological evidence 
The mammalian brain developed within the context of transitioning from reptilian “egg 
dropper” to mammalian “nest builder.” Maternal behavior has thus developed as a powerful vehicle 
for updated information transfer from generation to generation, and adaptations to meet this demand 
are of clear evolutionary advantage. Animal models consistently show that motherhood represents a 
“boost” (Kinsley et al., 2015; Macbeth and Luine, 2010) for females to adapt to the new 
environmental demands. In particular, females rats before motherhood actively avoid pup signals, 
while during pregnancy and lactation they become attracted to pups and care for and protect them 
(Fleming and Luebke, 1981; Numan, 2007). Moreover, motherhood is clearly associated with 
improvement in reference memory, spatial learning, foraging, and boldness (Kinsley et al., 2015). 
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Importantly, these changes are long lasting and rely on many different brain modifications at 
morphology and molecular levels (Brunton & Russell, 2008; Kinsley et al., 2015). Kinsley and 
colleagues (2015, 1999) showed the fundamental role of offspring in providing an enriched 
environment for women. For instance, Bridges and colleagues (1996) showed that even during 
pregnancy late term fetuses can stimulate maternal behaviors by releasing placental lactogens. 
Therefore, through biological mechanisms in addition to behavioral ones, infants provide stimuli to 
increase maternal care toward them and boost maternal cognition. It is likely that the perception of 
social stimuli such as faces and infant sounds changes with pregnancy and motherhood. No animal 
study has focused on the processing of these kinds of stimuli, but evidence suggests that they could 
be involved in the drastic behavioral changes across pregnancy. For instance, if rats are exposed to a 
novel environment, then only postpartum rats (compared to nonparents) will prefer the novel 
environment associated with pups (Fleming et al., 1994). Finally, the alterations in hormones 
associated with social cognition, such as oxytocin (Shamay-Tsoory and Abu-Akel, 2015), are 
consistent with the hypothesis of an augmented sensitivity to social cues. 
In humans, very few studies have focused on brain alterations due to motherhood and 
especially pregnancy, but a recent study by Hoekzema et al. (2016) proposed a well-structured and 
innovative design to address this issue. MRI morphological data were obtained from 20 nulliparous 
women enlisted in a fertility center before and after pregnancy. Interestingly, the overall brain 
analyses reported gray matter reductions (i.e., better functionality) primarily in the anterior and 
posterior midline, the lateral prefrontal cortex bilaterally and the temporal cortex bilaterally. 
Following a bottom-up approach, the authors noticed that these areas were substantially similar to 
the ones involved in theory of mind as reported by a meta-analysis (Schurz et al., 2014). Moreover, 
the volume change in these areas was associated with the quality of the mother-child relationship 
after birth measured with a questionnaire about mother-child attachment. These changes lasted two 
years after birth, and the same areas were significantly activated while mothers viewed pictures of 
their infants. Finally, the results of these studies are consistent with the hypothesis of changes in 
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social cognition abilities during pregnancy associated with augmented sensitivity to social stimuli, 
even if no analyses of brain functionality in response to an infant’s face were presented per se. 
1.2. Infant faces processing 
Soon after a child’s birth, a brand new set of behaviors will be asked of the new mother 
because she will be responsible for the infant’s care, protection and security (Ainsworth et al., 1974; 
Bowlby, 1969). Parents’ ability to recognize and respond to these signals properly is crucial for 
healthy infant development (Ainsworth et al., 1974; Bowlby, 1969; De Carli et al., 2018, 2017). 
From an evolutionary standpoint, protecting and providing offspring with enough resources to reach 
adult age and reproduction is at least as important as reproductive behavior per se. The high 
dependency of the fetus and the newborn on the behavior of adults implies that mothers would 
adaptively show an augmented sensitivity to infants’ cues (e.g. to identify children’s needs) and to 
environmental signals (e.g. to protect children from possible dangers). Mothers indeed show 
specific brain responses to infant stimuli (compared to nonmothers; Proverbio et al., 2006). On one 
hand, this effect is at least partially due to an experiential change, because, for instance, the duration 
of motherhood is associated with increasing effects on mothers’ neural processing of infant vocal 
cues (Parsons et al., 2017) and brain activation during the perception of infants’ faces is susceptible 
to the quality of birth experience and infants’ characteristics (Montirosso et al., 2017). On the other 
hand, it is possible that pregnancy and more generally preparation for parenthood are also 
responsible for a change in the perception of infant stimuli (e.g., faces) to prepare expectant women 
for the caregiving task. It would make evolutionary sense that a mother is adapted to respond to 
infant stimuli from the earliest moments of birth. A set of studies seems to provide indirect evidence 
consistent with this hypothesis. First, the previously mentioned study on the long-lasting brain 
structure modifications due to pregnancy found that these changes predicted the quality of mother-
child attachment subjectively reported by women (Hoekzema et al., 2016). This means that 
pregnancy-related changes are probably highly adaptive in improving women’s caregiving abilities 
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and can be considered an evolutionary advantage. Because maternal sensitivity is associated with 
mothers’ awareness of subtle differences in infants’ expressions (Donovan et al., 2007), it is 
possible that one of the mechanisms implicated in the association between brain structure and 
mother-child relationship is a change in face perception. Second, face perception is susceptible to 
endocrine changes, such as oxytocin administration (Shamay-Tsoory and Abu-Akel, 2015). Even if 
the effects of oxytocin on the perceptions of infant stimuli appear complex and lack consistency 
across studies (Marsh et al., 2012; Riem et al., 2017a, 2014), it seems plausible that the massive 
endocrine changes of pregnancy can alter the perception of highly salient social cues such as infant 
faces (Shamay-Tsoory and Abu-Akel, 2015). Hormone changes during pregnancy are consistently 
associated with postpartum parenting outcomes (Edelstein et al., 2017). In addition to infant faces, a 
series of studies found that newborn infants’ odors are considered more pleasant by new mothers in 
the very early postpartum stage (Fleming et al., 1993). In fact, this period is associated with changes 
in heart rate and glucocorticoids that sustain mothers’ nurturing responses to infant odors or infants 
crying (Stallings et al., 2001). 
In light of all these considerations, the present review will consider infant faces as a specific 
target of investigation given the high relevance of this stimulus for pregnant and early postpartum 
women. 
1.3. Antenatal depression and anxiety 
Antenatal depression and anxiety are major public health issues worldwide (Stewart, 2011). 
Prevalence varies in the studies, but it is estimated to be from 7% to 20 % in high-income countries 
(Andersson et al., 2003; Gavin et al., 2005; Lee et al., 2007). In addition, depression shows higher 
prevalence in pregnant women compared to non-pregnant controls (Ashley et al., 2016). Antenatal 
depression and anxiety are known to constitute both  risks for later negative outcomes in children 
and a specific predictor of child development, even controlling for postpartum depression 
(O’Connor et al., 2002; Pearson et al., 2013a). Despite the studies on the long-term effects of 
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antenatal maternal depression and anxiety that documented a higher risk of depression in 18-year-
old offspring (Pearson et al., 2013a), the explanations for this association remain partially unknown. 
Two possible mechanisms have been proposed so far. One relies on fetal programming (Kapoor et 
al., 2006), because the fetus is exposed to stress hormones such as cortisol (O’Donnell et al., 2009) 
through the placenta, especially in cases of maternal depression. Higher cortisol exposure during 
pregnancy could lead to negative outcomes in later development. The second mechanism relies on 
the known association between antenatal anxiety and depression and a lower quality of maternal 
sensitivity after birth (Edwards and Hans, 2016) and in turn a negative long-term outcome for a 
child (Raby et al., 2015). Moreover, maternal sensitivity is associated with the perception of infants’ 
signals and emotional cues (Leerkes, 2010; Musser et al., 2012). It is possible that during 
pregnancy, in light of the hypothesized plasticity for the perception of social cues, women are 
particularly prone to the effects of depression and anxiety on the perception of infant cues. 
Antenatal anxiety and depression could interfere with the normal process of cognitive 
reorganization due to pregnancy and therefore lead to worse maternal sensitivity in the postpartum 
period. 
One of the aims of the present study is to review all the studies that have explored the effect 
of anxiety and depression in altering the face processing during pregnancy to test the hypothesis of 
a heightened vulnerability in pregnant women’s social cognition. Due to the disruptive effects of 
antenatal anxiety and depression on children’s development, it is highly relevant to understand 
which processes cause maladaptive outcomes to design specific interventions. 
1.4. The present study 
In sum, the main aim of the present study is to provide a systematic review of all the studies 
investigating face processing in women during pregnancy. Behavioral and neurophysiological 
measures were considered. We were specifically interested in two kinds of studies depending on the 
two aims. First, we reviewed studies that tested whether face processing abilities change during 
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pregnancy and whether the changes are possibly driven by endocrine modifications. Second, we 
reviewed those studies that investigated the effect of anxiety and depression in face processing 
during pregnancy. Understanding the effects of clinical variables such as anxiety and depression is 
particularly relevant because they are most likely to represent risk factors for the wellbeing of 
mothers and children’s development. 
2. Methods 
A computer-based literature search was conducted in four main databases: PubMed, 
Psychinfo, Scopus, and Web of Science. The title/abstract search string was (“pregnancy” OR 
“pregnant”) AND (“cognitive” OR “cognition” OR “emotion” OR “face processing” OR “face 
perception” OR “social”).  
Figure 1 shows the flow chart of the systematic review, and it highlights the step-by-step 
criteria for the screening and the record count (excluded and included results at each step). Records 
were considered eligible if they were already published or available online. No previous reviews, 
theoretical pieces, qualitative searches, English articles, viewpoints, letters, or dissertations were 
included. Because we were specifically interested in the effects of pregnancy, we considered studies 
that reported measures of social cognition in pregnant women or in the very early postpartum stage 
(within 1 week from birth). A total of 19 studies were included in the present review. Results are 
presented into two separate tables, depending on the two aims of the present study. Table A presents 
the studies that address the issue of whether pregnancy alters social cognition. Table B shows the 
studies investigating individual differences in social cognition during pregnancy associated with 




3.1. Description of the results depending on the main aims of the study 
Eight studies (presented in Table A) addressed the issue of a possible modification in social 
cognition abilities during pregnancy. These studies employed different methodologies and designs 
including cross-sectional studies (i.e., pregnant vs. nonpregnant women), longitudinal studies within 
pregnancy (i.e., pregnant women assessed at different times during pregnancy), or longitudinal 
studies during and after pregnancy (i.e., women assessed during pregnancy and after child birth). In 
particular, four studies combined the cross-sectional and longitudinal methodologies (Cobey et al., 
2015; Gingnell et al., 2015; Roos et al., 2012, 2011). One study used an early/late pregnancy 
within-subjects design (Pearson et al., 2012a). However, the authors did not compare results 
between early and late pregnancy, therefore the study was excluded from Table A, but it is 
presented in Table B because data also relate to anxiety and depression. One study presented a 
randomized clinical trial to assess the effect of cognitive behavioral therapy (CBT) on the 
attentional bias toward faces in a sample of depressed women (Pearson et al., 2013b). Because the 
nondepressed control group was assessed only during early pregnancy and the depressed group 
received an intervention (CBT or treatment as usual), no inferences can be made on the exact role of 
pregnancy in social cognition. Therefore, this study is presented in Table B. None of the considered 
studies assessed women before pregnancy. 
Sixteen studies (11 presented in Table B and five presented in Table A) addressed the issue 
of possible individual differences in social cognition associated with anxiety or depression during 
pregnancy. All of these studies implied a measure of anxiety or depression during pregnancy and a 
task with social stimuli during pregnancy or during and after pregnancy. Five studies presented in 
Table A also report measurements of anxiety or depression. Even though they are not reported in 
Table B, for the sake of brevity they inform the association between face processing and depression 
and/or anxiety (Gingnell et al., 2015; Pearson et al., 2009; Raz, 2014; Roos et al., 2012, 2011). 
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Three studies also measured postpartum mother-child relationships or child development to test 
whether the variability in social cognition during pregnancy can predict later outcomes (Bernstein et 
al., 2014; Leerkes, 2010; Pearson et al., 2011). Finally, 10 studies considered both anxiety and 
depression, but only two of them (Gil et al., 2011; Rutherford et al., 2017) tested the specific 
contribution of anxiety and depression on face processing. 
3.2.Study designs 
Seven studies used a pregnant women/control women design. This allows testing the role of 
pregnancy functioning, but with less power than a longitudinal design because it cannot rule out a 
possible role of preexisting differences between groups. A critical issue is the selection of the 
control group. Various studies proposed different strategies. Anderson and Rutherford (2011) 
matched the control and the pregnant groups on IQ, household income, relationship status, age and 
motherhood, whereas Cobey et al. (2015) only considered groups of comparable age. Roos and 
colleagues (2012) selected a control group of comparable age and controlled in the analysis for 
education levels because there were differences between the control and pregnant groups of women. 
Roos et al. (2011) selected the control group matching for educational levels and age. Raz (2014) 
matched the control group for age, ethnicity, educational level, number of children and level of 
anxiety. Because the effect of the menstrual cycle in processing social stimuli is known (Derntl et 
al., 2008; Guapo et al., 2009), two studies controlled for the stage of menstrual cycle using different 
strategies. Jones and colleagues (2005) recruited a nonpregnant sample selected to represent each 
phase of the entire menstrual cycle, with none of the participants having reported a nonregular cycle 
or using hormonal contraceptives. In addition, all participants were heterosexual, and controls were 
matched in terms of age, partnership, and country of residence. Gingnell et al. (2015) selected 
naturally cycling control subjects matched for age, number of pregnancies, body mass index and 
university education. To ensure a better comparison between controls and women in the early and 
late postpartum stages based on progesterone levels (Sundström Poromaa and Gingnell, 2014), the 
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authors collected data in two sessions. Control women were assessed during the late luteal phase of 
the menstrual cycle (postovulatory days 8-13, to be compared with early postpartum stage) and in 
the midfollicular phase (6-12 days postmenstrual bleeding, to be compared with late postpartum 
stage). 
Ten studies implied a longitudinal design, with high variability across the studies. Pearson et 
al. (2013b, 2009) assessed differences between early and late pregnancy. Pearson et al. (2012a) also 
assessed the same task in the same time windows, but they did not test differences between early 
and late pregnancy. Roos and colleagues (2012, 2011) assessed the same tasks during the second 
and third trimesters of pregnancy. Five longitudinal studies presented postpartum assessments. 
Cobey et al. (2015) and Leerkes (2010) repeated the same task during and after pregnancy. Three 
studies added postpartum outcome measures: Pearson et al. (2011) measured the quality of mother-
child relationship at 6 months after birth; Bernstein et al. (2014) measured infant attachment 
disorganization at 18 months after birth; and Leerkes (2010) measured maternal sensitivity 6 
months after birth. Finally, Gingnell et al. (Gingnell et al., 2015) assessed the same fMRI task both 
48 h and between 4-6 weeks after birth. 
The remaining five studies focused on a single time point and tested the associations with 
anxiety and depression using no control groups. Pearson et al. (2010), Macrae et al. (2015) and 
Murphy et al. (2015) assessed pregnant women between the 11th and the 18th week gestational age, 
whereas Rutherford et al. (2017) considered the last trimester of gestation, or more specifically 
between the 34th and the 38th week of gestational age. Finally, Gil et al. (2011) tested women 3 
days after delivery. 
3.3. Participants 
The studies included in the present systematic review are characterized by substantial 
variability in  sample sizes, ranging from 19 to 972. Due to the high differences in study designs, 
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measures and statistical analyses, it is difficult to compare the studies depending on sample size and 
power. 
In 17 out of 19 studies, pregnant women were tested, whereas in two studies the sample of 
participants included women in the very early postpartum stage (Gil et al., 2011; Gingnell et al., 
2015). In 17 out of 19 studies, women were recruited from community samples, whereas in two 
studies different high risk groups were selected. Bernstein et al. (2014) recruited women with high 
risk for depression or problematic parenting. Moreover, using an extreme-group design, only 
children who showed secure or disorganized attachment at 18 months were selected. Pearson et al. 
(2013b) used a three-question depression-screening questionnaire to select the depressed group for 
the intervention. Women were enrolled in the study if their depression was confirmed by ICD-10 
criteria based on a follow-up clinical interview. 
Besides pregnant or postpartum women, two studies presented data of infant-mother 
relationships at 3-6 months (Pearson et al., 2011) or at 6 months (Leerkes, 2011) after birth. One 
measured an observed outcome in children at 18 months (i.e., attachment; (Bernstein et al., 2014). 
Because evidence suggests differences in social cognition abilities on the basis of the time in 
which this was tested during pregnancy (Pearson et al., 2009), participants’ gestational age at 
assessment could be relevant. Beside the two studies limited to the postpartum stage (Gil et al., 
2011; Gingnell et al., 2015), only two studies (Anderson and Rutherford, 2011; Jones et al., 2005) 
recruited women all across stages of pregnancy without taking gestational age into account. Roos et 
al. (Roos et al., 2011) longitudinally followed the pregnant group, assessing the women at each 
trimester of pregnancy. Pearson et al. (Pearson et al., 2013b, 2012b, 2009) recruited pregnant 
women in the first/second trimester (range about 7-14 weeks of gestation) and assessed them again 
in the third trimester (33-39). Roos et al. (2012) tested within-subjects differences between the 
second and the third trimester. Three studies (Macrae et al., 2015; Murphy et al., 2015; Pearson et 
al., 2010) focused on women at the end of the first trimester or during the second trimester. Two 
studies (Cobey et al., 2015; Raz, 2014) recruited women during the second and the third trimester. 
 
15 
Finally, five studies focused on the third trimester only (Bernstein et al., 2014; Leerkes, 2010; 
Pearson et al., 2011; Rutherford et al., 2017, 2016). 
Animal (Kinsley et al., 2015) and human (Hoekzema et al., 2016) studies agree on the long-
term nature of the changes in cognition due to motherhood. Parsons and colleagues (Parsons et al., 
2017) recently found that neural processing of infant vocal cues depends on duration of 
motherhood. Therefore, it is essential to consider whether pregnant women and controls are already 
mothers because this could alter the processing of social stimuli, in particular infant signals. Six 
studies did not report data on parity. Gingnell et al. (2015) did not report data on parity 
characteristics of the sample, but the control group was selected between nulliparous or women who 
gave birth at least one year before. Four studies reported the primiparous and multiparous frequency 
in the sample (Anderson and Rutherford, 2011; Pearson et al., 2013b, 2011; Rutherford et al., 
2017). Four studies (Macrae et al., 2015; Pearson et al., 2012a, 2010, 2009) controlled for parity in 
the analyses. Raz (2014) matched the pregnant/control groups for number of children. Cobey (2015) 
selected only nulliparous women for the control group. Bernstein et al. (2014), Murphy et al. (2015) 
and Leerkes (2010) recruited only primiparous women. 
This variability is of course a great limitation to considering whether pregnancy plays a specific role 
in face processing. More specifically, in studies where groups were matched for parity or parity was 
controlled in the analysis, it is, however, possible that the real effect of pregnancy was 
underestimated or overestimated. Finally, no study addressed the question of a pregnancy-specific 
effect, considering at least three groups: pregnant primiparous, nonpregnant primiparous and 
nulliparous control women.  
3.4. Social stimuli 
All the studies included in the present review used faces as stimuli. One study presented 
infant faces concurrently with infant cries (Pearson et al., 2012a), and one showed a video of infant 
faces while crying (Murphy et al., 2015). 
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Nine studies presented only adult faces. Notably, all the studies that addressed the issue of 
whether pregnancy alters social cognition have employed only adult faces as stimuli. Eight studies 
used only infant faces, whereas three studies (Gil et al., 2011; Pearson et al., 2010; Rutherford et al., 
2017) considered both infant and adult faces. Sixteen studies involved emotional faces. 
3.5. Tasks 
Wide variability of task types implemented in the various studies was also observed. Even 
though all the tasks presented human faces as stimuli, they differed with regard to procedures, aims 
and dependent variables measured. For the sake of clarity, we organized the tasks into six 
categories. To note, in some studies more than one task was implemented, and in a few cases the 
same task can also be classified within more than one category. Therefore some studies can be 
found more than once. 
1. Emotion recognition. Four studies reported participants’ accuracy in interpreting emotional 
expressions. Pearson et al. (Pearson et al., 2009) used a task from a battery of standardized 
measures of social competence (SASI, Skuse, 2005). Different adult emotional expressions 
were presented to participants who were asked to choose which emotion was displayed from 
six options. An accuracy score was generated for each emotion: happiness, sadness, fear, 
anger, disgust and surprise. During an fMRI session, Gingnell et al. (Gingnell et al., 2015) 
used a paradigm to compare processing of emotional expressions (angry and fearful adult 
expressions) and processing of simple geometric figures (lines and shapes; Shin and 
Liberzon, 2010). Participants were instructed to select one of two images (presented below 
the target) displaying the same emotion or orientation as the target. Accuracy and reaction 
times were recorded. Bernstein et al. (2014) administered the IFEEL Picture System (Emde 
et al., 1987). Some pictures of 12-month-old infants’ facial emotional were presented, and 
participants were asked to write on a paper sheet how they would describe the emotions on 
the screen. Their responses were coded as belonging to one of 12 distinct emotion categories 
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and then reduced to three categories: positive, negative and “other.” Two kinds of scores 
were obtained: the frequency of each emotion category and the level of agreement with a 
reference sample. Leerkes (2010) assessed maternal difficulties in encoding infants’ distress. 
Mothers had to rate on a 7-point scale (ranging from 1 = high positive to 7 = high negative) 
infant distress; pregnant women were asked to identify an infant’s main emotion for each 
clip. A score was computed by summing (1) the number of times the distress was 
downgraded in respect to experts’ evaluations and (2) the number of times a nonemotional 
word or a positive word was used to describe infant distress. 
2. Attentional bias toward emotional faces. Six studies investigated the attentional bias toward 
faces by means of reaction times. Three studies (Pearson et al., 2013b, 2011, 2010) used the 
same task with the same stimuli. Participants were instructed to fixate on a central cross on a 
computer screen behind which facial stimuli (distressed or nondistressed infants) were 
presented. Two lines were presented at the periphery of the screen, a horizontal one and a 
vertical one. Participants had to indicate on which side of the screen the vertical line had 
appeared by pressing a response key. Two scores of attention disengagement from the 
central to the peripheral stimulus were computed, depending on the facial expression behind 
the cross. Roos et al. (Roos et al., 2012, 2011) measured the selective attention to threat (i.e., 
emotional faces compared to neutral faces) by means of a Facial Stroop Task. Emotional or 
neutral faces were presented on the screen and participants were required to name the color 
in which the faces or masks appeared (red, green or blue). In both studies (Roos et al., 2012, 
2011), facial stimuli were above threshold for conscious perception (stimulus presentation of 
298 ms), whereas in Roos et al. (2011) a second version of the task (Masked Stroop) was 
implemented with facial stimuli below threshold for conscious perception (stimulus 
presentation of 2 ms). In Roos et al. (2012), angry and happy faces were also presented. 
Attention bias scores were determined by subtracting color-naming times on neutral faces 
from color-naming times for fearful faces. Raz (Raz, 2014) used a visual emotional oddball 
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task during EEG/ERP recording, including faces and shapes. Facial expressions were neutral 
(nontarget) or angry (target). Geometric shapes were empty (nontarget) or with a black cross 
in the middle (target). Participants were instructed to press the space bar when a target 
stimulus appeared on the screen. Reaction times and error rate were recorded (omission rate 
and commission rate). 
3. Preferences for faces. Cobey et al. (2015) manipulated pictures of adults to obtain a 
masculine and a feminine version of the same face. Participants were asked to choose which 
one was the “most attractive.” Jones et al. (2005) created a “healthy” and an “unhealthy” 
version of each adult face. The couple of faces were shown to participants, who were asked 
to choose which one they preferred and to express the strength of the preference from 
“guess” to “strong preference.” 
4. Evaluation of faces. Macrae et al. (2015) showed participants distressed, neutral and happy 
infant faces. Each face was presented three times in random order. Below each picture, one 
of three Likert scales (1 to 8) was presented: “I want to comfort,” “I want to turn away” and 
“I feel anxious.” Gil and colleagues (2011) asked participants to rate facial expressions of 
adults and infants displaying anger, happiness, sadness and neutrality. Each picture was 
rated on the aforementioned emotions plus disgust, by means of a series of 7-point scales.  
5. Memory of faces. Only one study (Anderson and Rutherford, 2011) focused on participants’ 
ability to recognize faces previously presented. The training session of the memory task was 
disguised as a health rating. One and a half hours later, the authors presented participants 
with groups of six pictures on the screen and instructed them to select the familiar one as 
quickly as possible, using the keypad. 
6. Neurophysiological correlates of social stimuli. Seven out of 19 studies collected a 
neurophysiological measure. Two out of six studies measured brain activity during the tasks 
discussed above. In particular, Gingnell et al. (2015), by means of fMRI, investigated the 
activation of amygdala, insula, anterior cingulate cortex (ACC), inferior frontal gyrus (IFG) 
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and medial frontal gyrus (MFG) in response to emotional faces as neural correlates of 
emotion recognition. Raz (2014) used an oddball task to study ERP in response to 
neutral/angry faces and shapes. Rutherford et al. (2016) in two different tasks monitored the 
P300 ERP component in response to the presentation of infant facial expressions (i.e., 
happy, distressed and neutral) for 500 ms and in response to the presentation of the sound of 
an infant crying for 2000 ms. Rutherford et al. (2017) observed the N170, P300 and the Late 
Positive Potential (LPP) ERP components during a task composed by 1 s trials in which 
distressed and neutral faces of both adults and infants, as well as houses, were presented. By 
means of the near-infrared spectroscopy (NIRS) technique, Roos et al. (2011) monitored 
brain activity of the prefrontal cortex (PFC) during an emotion recognition task involving 
the presentation of dynamic facial expressions of anger, disgust, fear and happiness. Each 
face was presented for approximately 2 s, and only PFC activation in response to fearful 
faces was extracted for further analyses. The only study that focused on an endocrine 
measure in response to social stimuli was that by Murphy et al. (2015). These authors 
collected saliva samples for cortisol analysis at five time points in response to a 6 min video 
clip depicting distressed young infants. The samples were collected in five different 
moments before and after the presentation of the video clip (30 min and just before the video 
clip, just after, 15 min and 30 min following the end of the video clip). Finally, one study 
focused on the autonomic response toward infant distress (Pearson et al., 2012a). After 8 
min baseline recording, four of each of the audio and video stimuli were presented for 6 s 
with an interstimulus of 12-25 s. Two kinds of stimuli were presented, a crying audio clip 
played concurrently with the presentation of infant distressed facial expressions or a flashing 
computer screen during a white noise. Change in systolic blood pressure and change in pulse 




Four of 19 studies reported endocrine measurements. Roos et al. (2012, 2011) used blood 
and saliva samples to measure levels of cortisol, estrogen, progesterone and testosterone. Gingnell 
et al. (2015) measured progesterone and estradiol blood levels, and Murphy et al. (2015) obtained 
cortisol levels from saliva samples. 
3.7. Depression and anxiety 
Thirteen studies reported a measure of anxiety. In seven studies, authors used the State Trait 
Anxiety Inventory (STAI, Spielberger, 1985), a widely used self-report of anxiety symptoms, and in 
five studies, the revised Clinical Interview Schedule (CIS-R, Lewis et al., 1992), a fully structured 
diagnostic interview, was administered. Rutherford et al. (2017) required participants to complete 
the Beck Anxiety Inventory (BAI, Beck and Steer, 1990), a 21-question multiple-choice self-report 
inventory for measuring the severity of anxiety.  
Twelve studies reported a measure of depression. Seven presented the results of the 
Edinburgh Postnatal Depression Scale (EPDS, Cox et al., 1987), a self-report measure of 
postpartum depression symptomatology that has also been largely used in samples of pregnant 
women (Murray and Cox, 1990). Five studies used the Clinical Interview Schedule‐Revised (CIS-
R; Lewis et al., 1992). Macrae et al. (2015) used the CIS-R to select a group of pregnant women 
with a proper ICD-10 (World Health Organization, 1992) diagnosis of depression, and the other 
studies included depressed women with at least one symptom of depression. Two studies used the 
Center for Epidemiological Studies Depression Scale (CES-D, Radloff, 1977), two studies 
administered the Beck Depression Inventory (BDI, Beck et al., 1961), and one study used the 
Montgomery Asberg Depression Rating Scale-Self report (MADRS-S Montgomery and Asberg, 




The aim of this study was to systematically review the published literature regarding the 
effects of pregnancy on women’s social cognition (cfr. Table A) and the effect of anxiety and 
depression (cfr. Table B). Nineteen studies were included, eight in Table A and 11 in Table B. On 
one hand, pregnancy was considered a period of great susceptibility as women prepare for 
motherhood. On the other hand, the studies differed in design, measures and results to an extent that 
made it impossible to reach definitive meta-analytic conclusions. However, similar results across 
multiple methodologies suggest that the effects are not task-dependent. 
In the following paragraphs, we review findings regarding this review’s two research 
questions. In addition, other critical issues are presented, and questions for future directions are 
addressed. 
4.1. Does pregnancy affect face processing? 
Despite the growing interest in pregnancy’s role in modulating face processing, the study’s 
methodologies were widely heterogeneous. However, as presented in Table A, the majority of 
studies reported a significant change in some aspects of face processing related to pregnancy. In 
particular, all but two of the pregnant-control women studies and the longitudinal studies showed a 
significant role of pregnancy in influencing the processing of human faces. Roos et al. (2011) and 
Cobey et al. (2015) reported no significant differences between pregnant women and controls. 
However, it should be noted that the first study involved a very small sample (nine controls vs. 10 
to 12 pregnant women), which is inadequate to test the effects’ sizes found in the other studies. In 
addition, this study showed results in the expected direction but only a trend for statistical 
significance. The second study tested a very specific dependent variable (i.e., preference for 
masculine or feminine faces) that is very different from that in the other studies that focused on 
emotional expressions or perception of health in human faces, so it is not inconsistent with the other 
findings, as it tests a different hypothesis. 
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Although it is limited, the remaining evidence seems to verify that pregnancy affects face 
processing. In particular, emotional faces appear to be perceived differently during pregnancy even 
though the studies do not agree on the specific emotions that elicit the different responses. Pearson 
et al. (2009) found that women in early pregnancy have an enhanced ability to encode negative but 
not positive emotions, compared to women in late pregnancy. Roos et al. (2012) showed an increase 
in selective attention to fearful faces but not happy or angry faces. At least partially in contrast, Raz 
(2014) noticed that the P300 ERP component elicited by emotional faces (i.e., angry faces) was 
lower among pregnant women than in the control group. Furthermore, this P300 modulation as a 
function of pregnancy was selectively observed for emotional faces but not for neutral facial 
expressions and shapes. Finally, Gingnell et al. (2015) found an amplified reactivity of the insula 
and the inferior frontal gyrus (IFG) in the early postpartum period in response to emotional faces. In 
sum, we can assert that these findings are suggestive of a modulation of emotional-face processing 
although the specific direction of this modulation is not presently clear. In this vein, we invite 
scholars to provide more research to determine whether the processing of emotional expressions 
benefits from the state of pregnancy. The proposed evolutionary hypothesis of an augmented 
attention toward emotional faces due to the higher vulnerability of pregnant women does not 
explain why the effect is inconsistent, especially for angry faces (e.g., Roos et al., 2012). However, 
we must note that all the studies used different methodologies and that no replication study has been 
published until now. Indeed, the very same evolutionary explanation is specifically consistent with 
the results of two other studies that reported that pregnant women were better at recognizing 
apparent health in faces (Jones et al., 2005) and in remembering adult faces, especially of males 
(Anderson and Rutherford, 2011). Both these abilities could be extremely useful to survive in a 
potentially dangerous social environment for pregnant women. The hypothesis of an improved 
memory for faces is particularly intriguing because the documented pregnant women’s memory 
deficit could represent a trade-off due to an augmented allocation of resources to the social 
cognition domain (Anderson and Rutherford, 2012). 
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Finally, none of the studies clarified whether infant faces can be processed differently during 
pregnancy when compared to adult faces and a control group. In fact, infant faces are processed 
differently from adult faces (Proverbio et al., 2006; Riem et al., 2017b, 2017c), and that the 
responses to infant faces differ between nulliparous and parous women (Peltola et al., 2014; 
Proverbio et al., 2006; Thompson-Booth et al., 2014). Because pregnant women will be asked soon 
to interpret the new role of mother and engage in parenting behaviors, pregnancy could likely 
represent a transformation period that prepares women to process infant stimuli. Notably, 
processing infant faces is one of the basic caregiving abilities and helps determine maternal 
sensitivity (Leerkes et al., 2014). Future research should primarily focus on the hypothesis of 
pregnancy’s role in shaping women’s response to infant stimuli, considering the relevance of 
maternal behavior for children’s development and the importance of designing early interventions 
for prevention (Bakermans-Kranenburg et al., 2003). 
4.2. Are depression and anxiety associated with face processing during pregnancy? 
Fifteen studies addressed the issue of the association between anxiety and depression during 
pregnancy and women’s performance in various tasks involving face processing. In particular, eight 
studies reported findings on anxiety levels and 11 on depression. 
4.2.1 Anxiety 
One of the studies (Murphy et al., 2015) did not report results regarding the effect of anxiety 
even though participants were asked to report their levels. Of the seven remaining studies, five 
reported significant effects of anxiety, and two did not find significant associations with face 
perception. Results were mixed, especially regarding the encoding of specific adults’ emotional 
expressions and the task involved. Overall, it seems that fearful faces are most often associated with 
anxiety levels. Fearful facial expressions are, indeed, better encoded (Pearson et al., 2009) and are 
linked to an increase in PFC activity during pregnancy (Roos et al., 2011) as well as an increase in 
IFG and insula activity during the early postpartum period (Gingnell et al., 2015). However, Roos et 
 
24 
al. (2012) found no association between selected attention to fearful faces and anxiety. Angry faces 
received slightly less attention but seem to be processed depending on anxiety at an explicit level 
(i.e., perceived as more disgusted, Gil et al., 2011) and at an implicit level (i.e., better encoding, 
Pearson, 2009). In the early postpartum period, IFG and insula activities have been found to be 
associated with angry faces, as well (Gingnell et al., 2015). Sad-adult-face processing (implicitly 
and explicitly) seems not to depend on anxiety levels during pregnancy (Gil et al., 2011; Pearson et 
al., 2009; Rutherford et al., 2017). Finally, no findings are reported for the association between 
implicit measures of happy expressions and anxiety, but no results are found when participants are 
explicitly asked to rate the pictures (Gil et al., 2011). Surprisingly, only two studies used infant 
faces as stimuli in addition to adult faces. The first one used explicit evaluations of various 
emotional expressions (Gil et al., 2011) and revealed that neutral faces were perceived as sadder 
and less neutral depending on participants’ anxiety levels, and sad faces were rated as sadder. 
Notably, in this study, the association of anxiety with infant-face ratings was much clearer than with 
adult-face ones. Finally, Rutherford et al. (2017) found that the only ERP component associated 
with anxiety during pregnancy was the LPP in response to neutral infant faces but not to sad infant 
faces or neutral and sad adult faces. The authors interpreted this pattern of findings as a bias in 
anxious women toward perceiving ambiguous infant facial expressions as more negative, which is 
consistent with the evidence provided by Gil and colleagues’ study. Notably, the same LPP effect 
was found during the postpartum period in another study (Malak et al., 2015). 
In sum, it seems that during pregnancy, high levels of anxiety may be associated with more 
negative perceptions of negative emotional faces, similar to nonpregnant socially anxious 
individuals (Moser et al., 2008). Notably, no study focused on real clinical populations. On one 
hand, this absence could explain why not all the studies found clear-cut effects, but on the other 
hand, anxiety could play an adaptive role, at least at some point of the pregnancy. In fact, anxiety 
levels during pregnancy tend to rise (Ashley et al., 2016), and increased attention to negative adult 
and infant stimuli could have adaptive effects. Higher reactivity to negative adult faces could indeed 
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be protective of the fetus. Even more important, higher reactivity to infant faces could represent a 
mechanism of adaptation to the future role of mother and the importance of understanding 
children’s needs. 
As a caveat, a recent systematic review found that anxiety measurements during pregnancy 
should distinguish between anxiety related to the concerns of pregnancy and a more generalized 
anxiety (Brunton, Dryer, Saliba, & Kolhoff, 2015) because evidence shows that the former is more 
relevant to maternal processing and later child outcomes. Therefore, future studies should focus 
more on specific types of anxiety during pregnancy as well as the effect of anxiety in clinical 
populations. Finally, no study explored the association between anxiety-related face processing 
during pregnancy and actual postpartum parental behavior or later infant outcomes. Filling this gap 
could provide resourceful insights into the possible targets of interventions aimed at reducing the 
potentially negative but preventable effects of anxiety during pregnancy. 
4.2.2. Depression 
Regarding the depression effect, one of the 11 studies (Rutherford et al., 2017) reported 
significant associations between depression and the LPP and P300 ERP components, but the 
authors do not explain or interpret these effects. Of the remaining 10 studies, eight reported 
significant effects of depression during pregnancy on face processing, and two showed insignificant 
results. 
Only three studies involved adult faces as stimuli. One found no association between neural 
responses to adult faces (i.e., activation of amygdala, insula, ACC, IFG and MFG) and depression 
in early the postpartum period (Gingnell et al., 2015) and did not involve infant stimuli. In contrast, 
Pearson et al. (Pearson et al., 2010) studied the attentional bias toward adult and infant faces and 
found no effect of depression on adult-face processing, but only nondepressed women showed a 
significant bias toward distressed infant faces. Finally, a third study focused on the explicit 
evaluations of adult and infant emotional faces and found no effect of depression on the perception 
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of adult faces (Gil et al., 2011). With this limited evidence, we could suggest that depression during 
pregnancy is not involved in the processing of adult faces, even if more research is needed. In 
particular, no study implied clinical populations, but the possibility that more severe symptoms 
could have an effect anyway was not excluded. 
Regarding the attentional bias towards infant distress, two studies reported findings, using 
the same paradigm. Pearson et al. (2011), in a subsample of the previous study (Pearson et al., 
2010), did not replicate the association between depression scores and the attentional bias, but the 
authors argued that the study’s power was insufficient to detect an effect. Interestingly, they found a 
negative association between the attentional bias during pregnancy and the self-reported quality of 
mother-child bonding in the postpartum period. The effect of depression on the attentional bias was 
then confirmed in a following study (Pearson et al., 2013b) in a different group of clinically 
depressed pregnant women. The study was a randomized clinical trial where CBT was administered 
to half of the depressed group of women and led to the normalization of disrupted attentional 
processing of infant distress. In two further studies, the authors investigated the possible 
mechanisms of the association between depression and the decreased attentional bias during 
pregnancy. They found that depressed participants showed greater systolic blood pressure (Pearson 
et al., 2012a) and more cortisol reactivity (Murphy et al., 2015) when exposed to infant distress.  
Four studies presented findings on explicit evaluations of infant emotional expressions. Gil 
et al. (2011) showed that depression was associated with evaluations of neutral infant faces as less 
neutral and sadder. In clinically depressed pregnant women, Macrae and colleagues (2015) found 
that depressed women were less willing to comfort distressed infants and more willing to turn away 
from them than nondepressed women during pregnancy. Bernstein et al. (2014) studied the effect of 
traumatic symptoms (depressive symptoms are a subgroup of these) on predicting pregnant 
women’s tendency to classify emotional infant faces and children’s subsequent attachment one year 
after birth. They found that traumatic symptoms were associated with a greater number of emotions 
identified as sadness. In addition, the number of emotions classified as angry and sad significantly 
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predicted the probability of the development of the child’s disorganized attachment. Surprisingly, 
one study found no association between depressive symptomatology and pregnant women’s ability 
to correctly evaluate negative emotions in audio-video clips of distressed infants (Leerkes, 2010). It 
has to be noted, however, that the measure of “failure to detect negative emotions” was 
operationalized as the number of times the participant “minimized” (i.e., rated the facial expression 
lower than the rating provided by reliable trained raters) and the number of times she used a 
nonemotional or positive word to describe infant distress. It is possible that this kind of score 
underestimates depressed participants’ tendency to consider infants sadder while representing a 
quite accurate measure of maternal emotion dysregulation in infant care. The measure’s relevance is 
confirmed by this score’s ability to predict the actual maternal sensitivity assessed 6 months after 
birth.  
Only one study (Rutherford et al., 2016) focused on the brain correlates of infant-face 
processing during pregnancy and the effect of depressive symptomatology. The authors found that 
depression scores during pregnancy are associated with decreased P300 amplitude in response to 
distressed infant faces. P300 has been linked to an increase in the allocation of attentional resources 
in response to infant stimuli in mothers (Bick et al., 2013; Grasso et al., 2009; Proverbio et al., 
2006). 
In sum, depression is likely to be associated with the processing of infant faces during 
pregnancy even if not all the studies provide evidence consistent with this conclusion. More 
specifically, it is possible that depressed pregnant women perceive distressed and neutral infants as 
sadder. In addition, behavioral and neural evidence suggests that the salience of distressed infants is 
dependent on antenatal depression. Furthermore, it seems that the effects of depression are 
confirmed in clinical and nonclinical populations although further studies investigating this issue 
are needed. Besides the studies’ low homogeneity, another of their limitations is the difficulty (due 
to the low number of studies) in interpreting the results regarding the kind of depression measure 
used. For instance, it is possible that measures of depression developed specifically for pregnancy 
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or the postpartum period (e.g., EPDS) could be more sensitive to changes in the performance to 
tasks that involve infant stimuli. 
4.2.3. Can we determine the specific contribution of depression and anxiety? 
Because depression and anxiety show high levels of comorbidity (Lee et al., 2007; Pollack, 
2005), an important issue is whether we can distinguish between the unique and specific 
contributions of each kind of symptomatology to face processing. In fact, disentangling the effects 
of anxiety and depression would inform clinical practices of the most rewarding targets for 
interventions. In addition, comorbidity between anxiety and depression during pregnancy may 
constitute a specific risk factor for face processing (LeMoult and Joormann, 2012) because its effect 
on predicting children’s outcomes has already been shown (Field et al., 2010). Unfortunately, 
although 10 studies collected anxiety and depression measures, only two of them (Gil et al., 2011; 
Rutherford et al., 2017) tested the concurrent effects of depression and anxiety symptomatology on 
the face-processing measure. Therefore, no conclusive evidence can be drawn. Specifically, 
Rutherford and colleagues explored the effect of anxiety measured with the Beck Anxiety 
Inventory, controlling for depression measured with the Beck Depression Inventory. Results show 
that depression has a main effect on P300 amplitude, even if anxiety has no significant association 
with this component. More important, anxiety’s effect on the LPP remained significant after 
researchers controlled for the significant effect of depression. However, even if the anxiety effect is 
unique and specific, the depression one is not in the aims of the study and is not investigated in 
interaction with facial expressions or age of the stimuli (adult vs infant faces). The analytical 
approach used by Gil et al. based on stepwise linear regression, in contrast, enables researchers to 
determine which clinical score was a better predictor of the evaluation of the neutral baby faces 
when both were significantly associated with the emotional judgment. Results show that depressive 
symptomatology was the only predictor of neutral evaluation of a neutral baby face. In contrast, 
state anxiety was the only predictor of how sad a neutral baby face was perceived. From these 
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scarce results, no pattern of the specific contribution of depression or anxiety to face processing 
during pregnancy can be identified. Even more problematic, on this point, no hypotheses have been 
proposed to disentangle anxiety and depression effects that can be empirically tested. Relying on 
studies with nonpregnant nonparent subjects, it seems that depressed patients require greater 
intensity of emotion to identify happy expressions and less intensity to identify sad than angry 
expressions, compared with anxious patients or controls. Anxious participants were better at 
identifying the angry than the sad expressions (Joormann and Gotlib, 2006). We could suggest a 
similar effect during pregnancy even though we do not have evidence to support this claim at all. 
Future studies should be designed to fill this gap and build interventions to target specific 
symptomatology based on the desired outcome. 
Regarding comorbidity, no study focused on this topic in pregnancy even though several of 
the reviewed studies could potentially address this issue. Notably, the studies that used the CIS-R to 
screen for depressive symptomatology did not differentiate the overlaps between depressive and 
anxiety symptomatology. For instance, Pearson et al. (2012a) reported that in the depression group 
(N = 38), 24 women were also experiencing one or more symptoms of anxiety, but the small sample 
size did not allow them to consider specific effects of anxiety and depression. 
 
In conclusion, anxiety and depression likely affect face processing during pregnancy, and 
the effect of depression is potentially more selectively involved in infant-face processing. This 
finding could occur due to a disruption of the functionality of the brain reward system, which is 
more involved in the perception of infant faces than of adult ones (Kringelbach et al., 2016). Also, 
regarding the effects of depression and anxiety in pregnancy on face processing, further studies 
seem necessary to clarify their effect with greater precision. However, we can suggest that 
pregnancy is a relevant event in a woman’s life for studying individual differences in face 
processing. Moreover, although only three studies (Bernstein et al., 2014; Leerkes, 2010; Pearson et 
al., 2011) addressed the issue of the relevance of face processing during pregnancy for the future 
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mother-child relationship or infant development, it is notable that they have reported significant 
effects.  
In the following paragraphs, we try to briefly provide answers to some additional questions 
related to changes in social cognition abilities during pregnancy, the potential impact of these 
changes on infants’ development and whether and how it could be possible to use paradigms of face 
processing to tune psychological intervention aimed at preventing depression and anxiety during 
pregnancy and the postpartum periods. 
4.3. Do hormonal changes play a role in social cognition during pregnancy? 
Only three studies provided direct hormonal measures, and they evaluated different 
hormones. In addition, all the studies included small sample sizes, used different paradigms to 
measure adult-face processing and collected hormone samples at different times in pregnancy or the 
early postpartum period. Gingnell and colleagues (2015) found no association between 
progesterone/estradiol and brain activation in response to fearful or angry faces during the early or 
late postpartum period. In pregnancy, cortisol and testosterone (but not progesterone and estrogen) 
are associated with prefrontal cortex activation in response to fearful faces (Roos et al., 2011). Roos 
et al. (2012) found different results for the second and the third trimesters of pregnancy: estrogen 
and progesterone were associated with an increase in selective attention to fearful faces during the 
second trimester, but cortisol showed a negative correlation during the third trimester. 
In sum, the scarcity of evidence, the small sample sizes and the inconsistent results do not 
allow for conclusive remarks. Despite these limitations due to the insufficient number of studies on 
this topic, the endocrine system is a likely candidate for the mechanisms of the above mentioned 
changes in face processing. More extensive research is needed also to determine whether the 
association between the endocrine system and behavioral responses is specific to pregnancy. 
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4.4. What are the neural correlates of social cognition changes during pregnancy? 
Identifying patterns of the neural correlates in pregnant women is difficult in light of the 
small number of studies available. In fact, whether numerous studies investigated brain activity in 
mothers, compared to nonmothers, little has been done to explore pregnancy’s effects on neural 
activity. However, some considerations can be provided. 
Because women go through drastic physical and psychological modifications that expose 
them and their fetuses to several risks, it appears logical and evolutionarily adaptive to develop 
multiple (and more reactive) neural responses toward (some) social stimuli, in particular facial 
expressions of threat. 
Three studies (Gingnell et al., 2015; Raz, 2014; Roos et al., 2011) investigated whether 
pregnant women’s neural activity differs from that of nonpregnant women in response to social 
stimuli. Only adult faces have been used as stimuli across these studies. Each study used different 
neuroimaging methodologies (i.e., fMRI (Gingnell et al., 2015), NIRS (Roos et al., 2011), ERP 
(Raz, 2014)) and different tasks. Therefore, it is difficult to compare the results. However, it seems 
that prefrontal cortex activation in response to fear-relevant stimuli changes in various stages of 
pregnancy in the same subjects, even if it they do not differ from the controls (Roos et al., 2011). 
Clearly, the within-subject effect is more powerful than the between-subjects one. Raz (2014) found 
that the P300 amplitude in response to angry faces was lower in pregnant women than in the 
controls. Notably, among pregnant women, P3 amplitude was greater for shapes than for faces, but 
the opposite pattern of findings was reported for the control group. Finally, brain activation due to 
emotional faces − in areas implicated in social cognition, e.g., inferior frontal gyrus and insula − 
was lower in the early postpartum period than in the late postpartum period. This finding could 
suggest a primary role of experience in shaping brain adaptation to caregiving tasks or at least that 
pregnancy starts a process of change that continues after birth (Parsons et al., 2017). 
Two studies focused on the effect of depression and anxiety on the ERP response to infant 
faces. In particular, Rutherford et al. (2016) found decreased P300 activity in depressed women in 
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response to distressed infant faces. This finding, together with the behavioral evidence, may 
underline an avoidant style of attentional processing in pregnant women displaying depressive 
symptomatology. On the contrary, anxiety levels did not predict P300 amplitude in pregnant women 
(Rutherford et al., 2017). However, LPP activity in response to neutral infant faces seems to depend 
on anxiety. This last result could be interpreted as prolonged attention to ambiguous stimuli. 
To summarize, all the studies that involved brain-imaging techniques to study social 
cognition in pregnancy have found some kind of significant results, which suggests that the striking 
results found by Hoekzema and colleagues (2016) on the morphological brain modifications due to 
pregnancy could have a functional counterpart. Future studies should consider the opportunity to 
use longitudinal designs able explore when during pregnancy the brain is most sensitive to social 
stimuli and how this sensitivity impacts the subsequent parental role and infant development. 
4.5. Pregnancy and Motherhood: specific or cumulative effects? 
Mothers’ reactions to infant stimuli is different from nulliparous women’s reactions to these 
same stimuli (Oliveira et al., 2017; Peltola et al., 2014; Proverbio et al., 2006; Thompson-Booth et 
al., 2014). Moreover, evidence proves a long-term effect of pregnancy in shaping brain structure 
(Hoekzema et al., 2016), and these modifications endured for at least two years after birth. It is 
unclear whether this effect is due to the alterations (mainly hormone-based) of pregnancy or the 
experience with the child. However, a recent study showed that the duration of motherhood has 
incremental effects on the perception of infant vocal cues (Parsons et al., 2017). This finding could 
suggest that both mechanisms (i.e., pregnancy and the interaction with the child) are probably 
involved in this process, starting and maintaining maternal specificity in processing infant cues. 
Unfortunately, none of the studies included in the present review may help disentangle these effects. 
In fact, most of the studies did not include only primiparous women, and only a few controlled for a 
parity effect in the analyses. Notably, no study tested pregnant primiparous women versus controls 
and postpartum mothers. This is one of the main limitations of the present review that, however, 
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depends on the scarcity of the evidence currently available. Not only is more research needed to 
clarify changes in social cognition in primiparous pregnant women and in pregnant women who are 
already mothers; it should also be noted that when social cognition abilities of pregnant women are 
confronted with those of controls, some studies might have failed to detect any effects because 
some participants in the control group were mothers. 
4.6. Does social cognition during pregnancy affect postnatal infant development? 
Only one study presented results regarding the association between maternal face processing 
during pregnancy and later infant development. Specifically, Bernstein and colleagues (2014) found 
that the prenatal maternal ability to correctly classify infants’ emotions predicted infants’ 
attachment security vs. disorganization at 18 months whereas high betrayal traumatization during 
childhood and maternal sensitivity did not. On one hand, this finding confirms the relevance of 
correctly perceiving emotions during pregnancy for infant development. On the other hand, no 
association between face processing and actual parenting behavior (i.e. maternal sensitivity) was 
found. 
Two other studies described results that are associated with postpartum measures related to 
the infant-mother relationship. Pearson et al. (2011) found that a greater attentional bias during 
pregnancy predicted a better mother-child relationship 3-6 months postpartum (based on maternal 
self-report). Leerkes et al. (2010) found that the ability to detect infant distress during pregnancy 
predicted the quality of maternal sensitivity 6 months postpartum.  
In sum, evidence (limited so far) shows that face processing during pregnancy may be a 
predictor of real mother-child interactions and infant development. A crucial but still unclear issue 
is the association between the ability to identify children’s emotions during pregnancy and later 
maternal sensitivity. In fact, not only is maternal sensitivity considered one of the main predictors 
of infant development (Berry et al., 2017), but its precursors during pregnancy are highly relevant 
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(Leerkes et al., 2014) because they represent possible targets of early prevention programs (Evans et 
al., 2017; Letourneau et al., 2017a; Pearson et al., 2013b). 
4.7. Is face processing during pregnancy a target for possible programs aimed at 
preventing depression or anxiety? 
Recent reviews (Evans et al., 2017; Letourneau et al., 2017b) showed limited evidence of 
the efficacy of prenatal interventions in the reduction of anxious and depressive symptomatology 
during pregnancy. In particular, Evans and colleagues (Evans et al., 2017) found no beneficial effect 
in the reduction of anxiety, but Letourneau et al. (2017b) reported more optimistic results on 
antenatal depression. In particular, two interventions reported that improvement in antenatal 
depressive symptoms had beneficial effects for infant development (Netsi et al., 2015), even if only 
in one case the target treatment was superior to the standard treatment (Milgrom et al., 2015). 
One study of our review shows that a psychological intervention during pregnancy may 
positively affect attentive processes affecting maternal sensitivity in depressed pregnant women 
(Pearson et al., 2013b). The authors conducted CBT to normalize the disrupted attentional bias of 
depressed pregnant women toward distressed infant faces. The findings strongly suggest that the 
CBT restored the adaptive bias in the previously depressed women. It is unclear whether this was a 
specific change in the processing of infant faces or a general effect of rewarding stimuli. We could 
speculate that face processing is a promising mechanism of change during pregnancy. In fact, more 
research is needed to determine whether the face-processing plasticity of pregnancy can result in a 
cascade effect with consequences for maternal behaviors and potentially infant development. For 
instance, the maternal ability of mirroring infant facial expressions at 2 months predicts the quality 
of infants’ gestures in producing the same expressions observed at 9 months (Rayson et al., 2017). 
It is still unknown whether face processing during pregnancy could be considered a precursor of 




The main limitation of the present systematic review is the difficulty in identifying studies 
that could be considered homogeneous enough to test the effect of pregnancy with a meta-analytical 
approach. Methodologies and measures were very different across studies to justify the use of a 
composite test. 
To take into account most of the literature, our selection criteria were very broad. In 
addition, our operationalization of the concept of “face processing” was quite inclusive, to the 
extent that we considered every task that included any kind of response to adult or infant faces. On 
one hand, this inclusion enabled us to present a detailed picture of the state of the art; on the other 
hand, it contributed to the difficulty in drawing final conclusions for each question. 
Many studies lack the power (e.g., Roos, 2011) to detect smaller effects, which would still 
be meaningful. Only a few replication studies have been conducted (and some failed to replicate the 
results), suggesting that all the effects presented and discussed in this review require replication. 
Moreover, some of the studies presented findings of only a subset of the collected data without 
specifying theoretical or methodological reasons to exclude some of the results. In conclusion, 
publication bias may be driving some of the results. However, we claim that a comprehensive 
review of the literature published so far can help highlight limitations to specify new ways to 
address them. Future directions of research have been presented, so we can concentrate our efforts 
on improving our knowledge of pregnancy’s effects on face processing. 
5. Conclusion 
The present systematic review points out the relevance of pregnancy as a possible plasticity 
window for face processing and probably social cognition tout court. Far from being conclusive, 
research is only at the beginning in this field, but this review represents a first attempt toward 
unifying and systematizing various kinds of evidence. In particular, the field would largely benefit 
from three lines of research: (1) replication studies with adequate and preregistered sample sizes, 
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(2) a focus on differences between infant and adult faces and (3) studies on the differences between 
nulliparous, pregnant and parous women. 
Finally, anxiety and depression seem to be associated with face processing during 
pregnancy. We could hypothesize that face processing helps cause the detrimental effects of 
antenatal maternal depression on future parental abilities and infant development, but so far, we 
have very limited evidence. In addition, other variables could moderate the association between 
anxiety or depression and parenting precursors, such as attachment (De Carli et al., 2016), 




Table A. Studies that address the issue whether pregnancy alters social cognition. 
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PFC activation in response to fearful faces 
compared to rest. No difference in PCF 
activation between pregnant women and 
controls, but within pregnancy higher 
activation in trimester 1 compared to 3 (but not 
2). No association between PFC activation and 
stress/anxiety or selective attention in full 
sample. In pregnant sample: increased PFC 
activation associated with stress and state and 
trait anxiety; decreased PFC activation 
associated with selective attention to masked 
(but not unmasked) fearful faces. In pregnant 
women association between PFC activation 
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No difference in selective attention between 
trimester 2 and 3. Augmented selective 
attention to fearful (but not angry or happy) 
faces in pregnant women compared to 
controls. Distressed pregnant women had 
increased selective attention to fearful faces 
compared to distressed controls. Selective 
attention to fearful faces was positively 
correlated with estrogen and progesterone at 
trimester 2 and negatively with cortisol at 
trimester 3. 














































of P3 and 
N170, errors 
rate and RT. 
None Sustained attention was worse in pregnant 
women only for response consistencies (but 
not error rates and RT). Response inhibition 
was worse in pregnant women for each index. 
In the oddball task: no difference in omission 
errors; higher rates of commission errors for 
faces but not shapes in pregnant women; lower 
RT and higher RT consistency in pregnant 
women. Pregnant women show lower P3d 
amplitude and longer latency in response to 
angry faces compared to controls (but not 
neutral faces or shapes). N170e amplitude was 
higher in pregnant women for faces but not for 
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None No difference in preference for masculine or 
feminine male faces between control groups 
and pregnant group. Postpartum women show 
less preference for masculine male faces than 
pregnant and control women under hormonal 
contraception (but not those regularly cycling). 












Controls assessed in 
the late luteal phase 










































Insula, IFG and lMFG activations were lower 
in the early vs late postpartum. At early 
postpartum insula and IFG correlate positively 
with STAI-S. At late postpartum MADRS-S 
correlates positively with IFG and insula. No 
effects for EPDS. No correlations between 
brain and estradiol or progesterone. IFG and 
insula reactivity higher in postpartum vs 
controls. 
aPearson (2009, 2010, 2012) used the same sample for all these studies. bSASI : Schedules for the Assessment of Social Intelligence= standardized set of measures of social-
cognitive competence (Skuse, 2005); cOCPT: Online Continuous Performance Test: a non emotional test of sustained attention and response inhibition (Raz, 2014); dP3 = (a 
positive peak at around 300 ms) measured by Event-Related Potentials, is sensitive to familiarity and novelty; eN170= (a negative peak at 170 ms) early ERP’s associated with 
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structural encoding and perception of faces; fEmotional face matching task: subjects are asked to match one of two simultaneously presented images with an identical target 
image Hariri et al., 2002; W:weeks; Anx: Anxiety; Dep: Depression; RT: Reaction times; MP: multiparous; NP: nulliparous; PP: primiparous; HC: Hormonal contraception; RC: 
Regularly cycling; Clinical measures: CIS-R = Clinical Interview Schedule–Revised (Lewis et al., 1992); EPDS: Edinburgh Postnatal Depression Scale (Cox et al., 1987); K-10: 
Screening Tool to Assess Distress (Kessler et al., 2003); MADRS-S: self-rated version of the Montgomery-Åsberg Depressive Rating Scale (Montgomery and Asberg, 1979); 
SASI : Schedules for the Assessment of Social Intelligence (Skuse, 2005); STAI: Spielberg State-Trait Anxiety Inventory (Spielberger, 1985); WAIS: Wechsler Adult Intelligence 
Scale (Wechsler, 1997); 
 
Neuropsychological measures: EEG: Electroencephalography; ERP: Event-Related Potentials; (f)NIRS: Functional Near-Infrared Spectroscopy (2007); fMRI: functional 
magnetic resonance imaging. 
 





Table B. Studies that describe the effect of anxiety and depression in social cognition during pregnancy. 
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sensitivity at 6 
months.  
Antenatal depressive symptomatology was not 
associated with emotion recognition, maternal goals 
and maternal sensitivity. Distress recognition and 
maternal goals during pregnancy predicted maternal 
sensitivity at 6 months. Postnatal depression 
symptomatology was associated with infant 
oriented goals and maternal sensitivity. 
Pearsonbc, 
2010 
101  Women tested 
on an average 
gestation of 11 
weeks (SD = 
13 days) 
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attention from 
infant/adult 
emotional faces  
Slower disengagement from distressed infant faces 
(compared to neutral and happy) in non-depressed 
(but not in depressed) women. No difference 
between happy and neutral. No effects for adult 
faces. 
Gild, 2011 79 Only 
postpartum 
measures.  
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expressions on a 7 
points scale on the 




and disgust.  
Depression and state anxiety correlate with less 
neutral and more sad evaluation of neutral infant 
faces. State anxiety correlates with more disgusted 
evaluation of neutral and angry adults. Trait anxiety 
correlates with more sad evaluation of sad infants. 
Postpartum depression was the only predictor of the 
neutral evaluation of neutral infants, while state 
anxiety was the only predictor of sad evaluation of 
sad infants. No effects of external variables. 
Pearsonb,c, 
2011 




















infant faces.  
PBQ Attentional bias toward distressed infants during 
late pregnancy predicts maternal perception of 
mother child relationship after birth, after 
controlling for depression. 
Pearsonb, 
2012 
72 women in 
early 
pregnancy; 51 
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and pictures of 
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Change in systolic 
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Change in pulse 
rate towards 
infant distress. 
Women with anhedonic symptoms of depression 
had larger systolic BP but not pulse rate in response 




















pregnancy (8 – 




















Depressed women have lower attentional bias for 
infant distress at baseline. Following intervention 
attentional biases become comparable to non-


























Infants’ secure vs 
disorganized 
attachment at 18 
months 
The ability to label infant emotions, the number of 
emotions classified as “sad” and “angry”, adult 
history of traumatization and income, predicted 
attachment security versus disorganization. Only 
the number of emotions classified as sad correlates 
with adult trauma and traumatic symptomatology. 
Murphy, 
2015 




measure after a 
video of a 
distressed infant 





to infant distress 
Main effect of depression and time in the change 
from baseline in salivary cortisol. No interaction 
but no group difference at baseline, while 
significant post stressor. Higher state anxiety in 
depressed group but levels rise in both group after 
the stressor. No effect of stress on PANAS but 
more negative scores in the depressed group. 
Macrae, 
2015n 
105  Range 9 – 19 
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ratings of children 
faces on three 
dimensions: “I 
want to comfort”, 
“I want to turn 
away”, “I feel 
anxious”. 
Depressed women were less likely to be in the 
highest vs lowest category for wanting to comfort 
distressed infants. They were more likely to be in 
the highest vs lowest category for turning away 
from neutral and happy faces. The effect on 
distressed infants remains after controlling for 























P300i in response 
to emotional 
infant faces and 
infant cry 
Depression symptoms are associated with 
attenuated P300 to distressed infant faces. No effect 
for happy/neutral faces and infant cry. 
Rutherford, 
2017 
43 43 pregnant 
women during 
their third 
trimester (M = 
34 W). 








and adult faces 
N170l, P300, 
LPPm in response 
to infant and adult 
faces and houses 
No effect of adult/infant face, anxiety and 
emotional expression on the N170. Significant 3-
way interaction for the P300 but not significant 
correlation between anxiety and P300. Significant 
3-way interaction for the LPP: association between 
anxiety and LPP, in particular in response to infant 
neutral faces. Significant results remained after 
controlling for depression. 
No endocrine measure column was reported since no study implied any hormonal measure; aChimeric-Face Task= the task consists of the presentation of faces composed of two 
hemifaces with two different expressions (smiling and neutral). The purpose of this task is to detect the participant’s dominant visual field in the recognition of facial emotions 
(Bourne and Todd, 2004); bPearson (2009, 2010, 2011, 2012) used the same sample for all these studies; cPearson (2010, 2011, 2013) used the same attentional task, the only 
difference is that the first one (Pearson, 2010) used also adult faces and not only infant faces; dGil (2001) assessed the sample also with TAS-20: The Toronto Alexithymia Scale 
(Bagby et al., 1994); eBernstein (2014) used an high risk population sample with elevated depressive symptoms: cut-off CES-D ≥ 12 or risk problematic parenting: cut-off SSPP 
≥11; fBernstein (2014) study: to assess trauma symptoms and experiences : BBTS: Brief Betrayal Trauma Survey, TSC: Trauma Symptom Check-list, CHBT: Childhood High 
Betrayal Traumatization, AHBT: Adulthood High Betrayal Traumatization; gMurphy (2015) used PANAS: Positive and Negative Affect Scale(Watson et al., 1988) for the 
evaluation of the sample; hMurphy (2015) collected,  in five time points, saliva’s samples collection: 2 samples before the film, 1 immediately following the end of the film, 2 
samples were collected 15 and 30 min following the end of the film respectively; iP300 = (a positive peak at around 300 ms) measured by Event-Related Potentials, is sensitive to 
familiarity and novelty; lN170= (a negative peak at 170 ms) early ERP’s associated with structural encoding and perception of faces; mLPP (late positive potential) event-related 
potentials= sustained processing of salient visual information; nPearsn 2013 e Macrae 2015 obtain data from the same broader sample; W:weeks; Anx: Anxiety; Dep: Depression; RT: 
Reaction times; MP: multiparous; NP: nulliparous; PP: primiparous; Clinical measures: AHBT: Adulthood High Betrayal Traumatization (Goldberg and Freyd, 2006); BAI: Beck Anxiety Inventory 
(Beck and Steer, 1990); BBTS: Brief Betrayal TraumaSurvey (Goldberg and Freyd, 2006); BDI-II: Beck Depression Inventory-II (Beck et al., 1996); CES-D: Center for Epidemiological Studies-
Depression (Deoliveira et al., 2005)(Radloff, 1977); CHBT: Childhood High Betrayal Traumatization (Goldberg and Freyd, 2006); CIS: Clinical Interview Schedule-Revised (Lewis et al., 1992); 
EPDS: Edingburgh Postnatal Depression Scale (Cox et al., 1987);  Handedness Questionnaire, from the Edinburgh  Handedness Inventory (Oldfield, 1971); IFEEL: IFEEL Picture System (Emde et 
al., 1987); MRS: Maternal Response Scale (Macrae et al., 2015);  PANAS: Positive and Negative Affect Scale (Watson et al., 1988); PBQ: Postpartum Bonding Questionnaire (Brockington et al., 
2006); STAI: State Trait Anxiety Inventory (Spielberger, 1985); TAS-20: The Toronto Alexithymia Scale (Bagby et al., 1994); TSC: Trauma Symptom Checklist-40 (Briere and Runtz, 1989). 
Neuropsychological measures: EEG: Electroencephalography; ERP: Event-Related Potentials; (f)NIRS: Functional Near-Infrared Spectroscopy (2007); fMRI: functional magnetic resonance 
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